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Long term care

Care homes Background: This study examines the impact of visitation and cohorting policies as well as the care home
CQ\./ID.' 19 population size upon the spread of COVID-19 and the risk of outbreak occurrence in this setting.

Visitation . !

Cohorting Methods: Agent-based modelling

Results: The likelihood of the presence of an outbreak in a care home is associated with the care home popu-
lation size. Cohorting of residents and staff into smaller, self-contained units reduces the spread of COVID-
19. Restricting the number of visitors to the care home to shield its residents does not significantly impact
the cumulative number of infected residents and risk of outbreak occurrence in most scenarios. Only when
the community prevalence where staff live is considerably lower than the prevalence where visitors live (the
former prevalence is less than or equal to 30% of the latter), relaxing visitation increases predicted infections
much more significantly than it does in other scenarios. Maintaining a low infection probability per resident-
visitor contact helps reduce the effect of allowing more visitors into care homes.
Conclusions: Our model predictions suggest that cohorting is effective in controlling the spread of
COVID-19 in care homes. However, according to predictions shielding residents in care homes is not as
effective as predicted in a number of studies that have modelled shielding of vulnerable population in
the wider communities.
© 2021 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier
Inc. All rights reserved.
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itor” and/or cohorting policies and curtailed group activities as
part of their infection prevention and control strategies. Although
there have been several modelling studies of the impacts of non-
pharmaceutical interventions on COVID-19 epidemics, few have
examined shielding."> These studies have modelled shielding
strategies targeting vulnerable groups in the general population
and provided different views on how such strategies could be
ended. None of them have explicitly considered shielding care
home residents to our knowledge.

Although visitation restrictions to shield residents have been sug-
gested as an intervention to partially prevent the introduction of
COVID-19 into care homes, experts and advocates are increasingly
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concerned that such practice may cause substantial unintended
harms to the health and wellbeing of residents.® A recent survey con-
ducted in English care homes reported that the deprivation of visita-
tion from and physical contact with loved ones have predominantly
contributed to lowering residents’ mood, exacerbating irritability,
agitation, and anxiety among residents and the symptoms of their
dermentia, and reducing oral intake.” A more sustainable and bal-
anced approach that both allows needed contact with family visitors,
but also prevents the introduction and spread of COVID-19 in care
homes may be needed. Understanding to what extent these visiting
policy interventions protect residents is important to inform deci-
sions about how to balance the risk of COVID-19 and care home resi-
dents’ well-being.

Cohorting is considered a common and effective infection control
measure in acute care settings such as hospitals and some studies
showed the association between the presence of an outbreak and the
care home resident population.®"'° However, the impact of this inter-
vention in care home has not been well studied. As healthcare sys-
tems are likely to bear additional costs for staffing, equipment, and
support to implement cohorting in care homes, evaluating the effec-
tiveness of this intervention is important.

To address these issues, we developed an agent-based model to
investigate the impacts of visitation and cohorting policies as well as
care home population size upon the transmission dynamics of
COVID-19 in care homes. The model simulates the transmission
dynamics of COVID-19 via contacts between individuals, including
residents, staff members, and visitors.

METHODS
Model

We develop an agent-based model, building on and adapting our
previous work'!. The model simulates the transmission dynamics of
COVID-19 via contacts between individual agents, including resi-
dents, staff members, and visitors within a care home (See the ‘ODD’
(Overview, Design concepts, and Details) protocol in the Appendix S1
for the detailed model structure). Agent-based modelling provides
more flexibility to reflect variations in size, structure, and operation
across care homes and is more suitable to capture the complexity
and heterogeneity of individuals and their interactions in the small
care home setting.

Three sources of importing COVID-19 into a care home include
infected residents upon admission (from hospitals and the commu-
nity) and staff and visitors who acquired the infection elsewhere.!!
Care homes that we worked with in Lanarkshire reported that staff
often live in local areas near the care homes where they work while
visitors are from different areas across Scotland. We simulated
experiments to test how relaxing the visitation policy affects the
occurrence of outbreaks in a care home when the local transmission
differs from the regional/national transmission. The relative-preva-
lence parameter describes the ratio of the infection prevalence in the
communities where staff come from to the prevalence where visitors
are from (i.e. relative infection prevalence). In base case simulations,
the ratio of relative prevalence was set to one.

We assumed that recovered individuals are immune to re-
infection throughout the simulated time (i.e. 6 months). We
assumed that all staff and residents are susceptible at the begin-
ning of the simulation.

Data collection and parameters

Data collection through literature review, discussions, and semi-
structured interviews with stakeholders from the Health and Social
Care Partnerships (HSCPL), Public Health, and care homes in

Lanarkshire is described in our previous paper.'" Key model input
parameters used for the base case simulation are presented in Table 1.

Interventions

We examined the impacts of visiting policy, care home population
size, and structure under two incremental intervention scenarios: a
reference intervention and one which also includes weekly staff test-
ing. The reference intervention included isolation of symptomatic
cases and testing of new admissions (two tests), social distancing and
restricted visiting policy which reduces the average number of visi-
tors per resident per day and contact rate between staff and visitors
by 75% (unless stated otherwise in visiting policy scenarios). Inter-
ventions such as hand hygiene and using Personal Protective Equip-
ment (PPE) change the infection probability per contact, representing
the reduction in transmission risk. Residents and staff members who
are symptomatic or tested positive are isolated and excluded from
work respectively the day after being tested. We assume that all staff
members comply with weekly COVID-19 testing. Analysis that
relaxes this assumption is available in our previous paper.'' These
interventions were chosen based on discussion with local care home
stakeholders in Lanarkshire and in line with the guidance for control-
ling COVID-19 by the Scottish government.?? We used the daily data
of Scotland adjusted for undetected cases for the infection prevalence
in the community.'>' The interventions were described in detail in
Appendix S1.

Experiment designs

Exploring the effect of visiting policy. We investigated the impact of
the number of visitors per resident per day for different infection
probabilities per contact which reflect the adherence to measures
such as hand hygiene and using PPE in the care home. We also exam-
ined a scenario in which the transmission risk between visitors and
residents is different from the risk between other types of contacts in
the facility. We varied the infection probability of visitor-resident
contacts and used a fixed infection probability for other types of con-
tacts.

Additionally, we investigated the effect of visiting policy when the
prevalence of COVID-19 in the communities where staff and visitors
come from are different. We used the base case value of community
infection prevalence to determine then probability at which visitors
can introduce COVID-19 into the care home and then applied the rel-
ative-prevalence to determine the probability at which a staff mem-
ber can introduce the infection into the facility.

Exploring the effect of care home population size and structure. When
examining the effect of care home population size, we scaled the
staffing levels based on the resident:staff ratio used in the base case
simulation. In cohorting interventions, we assumed that residents
and staff are split evenly into smaller, self-contained units within a
care home and examined two scenarios: individuals including staff
and residents across units do not interact and interactions across
units occur at the probability of 20%. The care home was divided into:
(i) one cohort with 80 residents and 72 staff members; (ii) two
cohorts each with 40 residents and 36 staff members; (iii) four
cohorts each with 20 residents and 18 staff members; and (iv) eight
cohorts each with ten residents and 9 staff members.

Outcomes

We reported outcomes in our base case for a care home with a
capacity of 80 residents. We ran 1,000 simulations for each scenario.
The outcomes we collected include the cumulative number of
infected residents, the time elapsed until the first resident is infected
by other people in the care home (distributions, means, and CIs) and
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Key model parameters characterizing the introduction of COVID-19 into the care home and its transmissions (See Table S1-6 in Appendix S1 for the complete list of parameters)

Parameter Name

Meaning and Rationale

Base-case Value

Sensitivity Analysis

Source

Infection Prevalence Hospital

Infection Prevalence Community

Relative-prevalence

Contact Rate RR

Contact Rate SS

Contact Rate SR

Contact Rate SV

Contact Across
Units

Visitors Per Day

Infection prevalence in the hospital

Infection prevalence in the
community

Ratio of infection prevalence in the
community where staff live to
the prevalence where visitors
come from

The number of contacts that a resi-
dent has with other residents
per day

The number of contacts that a staff
has with other staff per day

The number of contacts that a staff
has with residents per day

The number of contacts that a staff
has with visitors per day

The probability that a resident
comes into contact with another
resident in the other unit

The average number of people vis-

0.02

Time-series of data from Scotland
adjusted for undetected cases

1.0

Drawn for each individual resident
from a Poisson distribution with
amean of
3.9 contacts per resident per day

Drawn for each individual staff
member from a Poisson distribu-
tion with a mean of 7.3 contacts
per staff member per day

Drawn for each individual staff
member from a Poisson distribu-
tion with a mean of 16.2 con-
tacts per staff per day

5.0 contacts per staff member per
day

20%

1.0 visitor per resident per day

Triangular distribution (min = 0,
max = 0.5, mode = 0.2)
Triangular distribution for multi-
plier on the same curve of preva-
lence over time (min = 1,
max = 3, mode = 5)

Triangular distribution (min = 0,
max = 0.5, mode = 1.0)

Mean of the Poisson distribution is
drawn from a triangular distri-
bution (min = 1, max = 5,
mode = 3.9)

Mean of the Poisson distribution is
drawn from a triangular distri-
bution (min = 1, max = 10,
mode =7.3)

Mean of the Poisson distribution is
drawn from a triangular distri-
bution (min = 10, max = 20,
mode =16.2)

Triangular distribution (min = 0,
max = 10, mode = 5.0)

Triangular distribution (min=0,
max = 0.5, mode =0.2)

Triangular distribution (min = 0,

12-14estimated)

1315 (The undetected cases repre-
sent 50 — 80% of the total cases
in the community. We adopted
the worse situation (80% cases
undetected) for the base case
scenario)

Discussions with representatives
from Health and Social Care
Partnership and Public Health

Lanarkshire
16,17

16

16,17

Discussions with the manager and
staff of a Scottish care home for
older people

Discussions with the manager and
staff of a Scottish care home for
older people

16,18

iting a resident per day

Infection The probability that an individual 0.02
Probability (resident or staff) is infected
after coming into contact with
another infectious individual
(resident, staff or visitor)
Infection Probability RV The infection probability per con- 0.02

tact between residents and
visitors

max = 2.0, mode = 1.0

Triangular distribution
(min =0.001, max = 0.1,
mode = 0.02)

19-21

Triangular distribution 19-21

(min =0.001, max = 0.1,
mode =0.02)

the probability of outbreak occurrence (i.e., presence of at least two
infected residents).

Verification and validation

Our simulation model is built in Anylogic PLE 8.7.2. For verifica-
tion, we performed tracing of randomly chosen agents of each type
via simulation output and using the debugger, bottom-up testing,
stress testing, and regression testing. We built confidence in our
model using 3 approaches: face validation, cross-validation to
observed data in care homes in Lanarkshire and published literature,
and sensitivity analysis. In face validation, the model was developed
in conjunction with care home stakeholders including representa-
tives from HSCPL, Public Health Lanarkshire, care home managers,
and the Scottish Government Data Analysis Research Group. This
helped ensure that the model sufficiently represents the investigated
system while making the appropriate assumptions to develop such a
model. In cross-validation, we ran the scenario in one of the care
homes in Lanarkshire and compared the time series prevalence of
COVID-19 in residents to observed data provided by that care home.
The period for comparison was between March and May 2020 when
the care home experienced an outbreak. The care home implemented
the reference intervention and was closed to admission of new resi-
dents and visitors 10 days after the first resident developed COVID-
19 symptoms. We also compared the risk of outbreak occurrence in
care homes varied in population size with Scottish data and the anal-
ysis of care homes in Lothian.

Sensitivity and Uncertainty Analyses: We carried out global proba-
bilistic sensitivity analyses for parameter uncertainty. Table 1

summarizes the probability distributions of the model parameters.
We simulated the model for 100,000 sets of samples, generated by
using the Latin Hypercube Sampling (LHS) method. The calculated
Partial Rank Correlation Coefficient (PRCC) determined the strength
of the relationship between each LHS parameter and each outcome
measure. We also examined the robustness of the findings on the vis-
iting policy to the care home’s population size and structure
(Table S2-1 in Appendix 2).

RESULTS
Impact of visiting policy

Different risks of transmission per contact

In the first experiment, we assumed that all infectious-susceptible
contacts between individuals in the care home, including residents,
staff, and visitors, have the same infection probability and that the
community prevalence of COVID-19 where staff live and where resi-
dents live is equal.

Relaxing the visiting policy did not significantly impact the cumu-
lative number of infected residents (Fig. S3-1). The difference in the
mean cumulative number of infected residents between no visiting
and normal visiting policy (one visitor/resident/day) after 90 days
was one to two (95% CI) infections among residents for the infection
probability per contact of 002 in the base case scenario. There was
no difference in this outcome when the infection probability was
below 0.02 while the mean difference was 2 to 5 (95%Cl) for the value
of 0.1 (Fig. S3-1-A). The mean difference in the cumulative number of
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COVID-19 deaths among residents after 90 days were zero to two
(95%CI) across the values of infection probability per contact. The
mean elapsed time until the first resident is infected prolonged by 1
to 6 days (95%CI) when visiting was banned across the values of
infection probability per contact (Fig. S3-1-B). The distributions of
outputs for each of these outcomes in both visitation scenarios were
almost identical when the transmission risk per contact was very
low. When this parameter was higher, they still had similar unimo-
dal, relatively symmetrical shape and spread but slightly shifted. The
impact of the size of infection probability per contact was much more
significant than the visiting policy. In addition, the visiting policy had
little impact on the probability of an outbreak in the care home
within the first 90 days of the epidemic. Unless the risk of transmis-
sion per contact was very low (<0.02) and weekly testing of staff was
implemented, an outbreak occurred in 97%-100% of simulations after
90 days.

Lower community infection prevalence where staff live compared to
prevalence where visitors come from

In this section, we report the modelling results when relaxing the
assumption about equal community infection prevalence where staff
and visitors live. As the relative infection prevalence in communities
where staff live reduces compared to the infection prevalence in
communities where visitors live, the number of infected residents
also reduced (Fig. 1-A).

Restricting visiting was more effective when the infection preva-
lence in the staff community was comparatively low. When the staff
community infection prevalence was significantly lower than the
prevalence among visitors’ community (i.e., the former equalled 0%-
30% of the latter), relaxing the visiting policy increased the cumula-
tive number of infected residents and the risk of outbreak occurrence
in the care home. In particular, the mean difference in the cumulative
numbers of infected residents after 90 days between no visiting and
normal visiting policy was 2 to 3 (95%CI, the same relative infection
prevalence less than 30%) in the weekly staff testing intervention.
Halting visitation delayed the time until the first infection occurred
among residents by 9-16 days (95%CI) (Fig. 1-B). Additionally, when
the community infection prevalence where staff live was extremely
low (i.e., between zero and 10% of the infection prevalence where vis-
itors come from), resuming the normal visitation policy doubled the

A: Cumulative number of infected residents

1.00

o
3
a

Relative infection prevalence in communities
where staff live compare to visitors
o o
N a
B 38

0.00

B: Time until first resident infected

risk of an outbreak within the first 90 days of the epidemic (Fig. 1-C).
The impact of modifying the visiting policy on the model outcomes
was much smaller when the infection prevalence in communities
where staff live was above 30% of the prevalence in communities
where visitors live.

Different risks of transmission per resident-visitor contact

The impact of relaxing visitation increased as the risk of transmis-
sion for contacts between residents and visitors increased (Fig. 2).
The mean difference in the cumulative number of infected residents
between the no visiting and normal visiting policies in the weekly
staff testing intervention after 90 days rose from one (95%Cl: 1-2)
when the transmission probability was very low (0.005) to 3 infec-
tions (95%Cl: 3-4) when it was very high (0.1) (Fig. 2-A). The elapsed
time until the first resident is infected was prolonged by 26-41 days
(95%CI) (Fig. 2-B). Likewise, the risk of outbreak occurrence increased
when allowing visitors into the care home (Fig. 2-C).

impact of care home population size

Figure 3 shows that the larger the care home’s size, the more
quickly a resident acquires COVID-19 on average. As a result, the risk
of an outbreak in a large care home was higher than in a smaller one
(Table S3-2 in Appendix S3). There was a statistically significant asso-
ciation between the presence of an outbreak and the size of a care
home (mean OR per 20-bed increase 2.57, range: 1.15 — 5.74 for dif-
ferent infection probabilities in both the reference and weekly staff
testing scenarios). The modelling results on the risk of outbreak
occurrence in care homes with different size were in line with the
reported data in Scottish care homes.'* The prediction on the associa-
tion between the care home size and the risk of experiencing an out-
break showed a good approximation of observed data in Lothian
Health Board (OR per 20-bed increase 3.5, 95%CI: 2.06 — 5.94).° Addi-
tionally, both intervention strategies were more impactful for the
smallest care homes (i.e. size of 10 residents).

Although smaller care homes were less likely to have an outbreak,
the size of care homes did not affect the attack rate. There was no sta-
tistically significant association between the proportion of infections
among residents and care home population size under the same
intervention strategy once the infection was already in the care
homes. The addition of weekly staff testing and/or a decline in the

C: Risk of outbreak occurrence within 90 days

0.0 05 10 15 2.0 0.0 05 10 15 2.0 0.0 05 1.0 15 2.0
Mean number of visitors per resident per day Mean number of visitors per resident per day Mean number of visitors per resident per day
Number of infected residents _ Time until first resident infected (days) ” Outbreak probability (%) -
8 12 40 50 60 70 40 60 80

Fig. 1. The impact of visiting policy and relative community infection prevalence on the spread of COVID-19
Heatmap plot for the impact of different number of visitors allowed in the weekly testing of staff strategy upon

A: The cumulative number of infected residents 90 days after the simulation starts
B: The elapsed time until the first resident is infected
C: The probability of an outbreak occurrence within the first 90 days

Other parameters take the base case values. All infectious-susceptible contacts have the same infection probability of 0.02.
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C: Risk of outbreak occurrence within 90 days

0.0 05 10 15 2.0 0.0 05 1.0 15 2.0 0.0 05 1.0 15 2.0
Mean number of visitors per resident per day Mean number of visitors per resident per day Mean number of visitors per resident per day
Number of infected residents _ Time until first infected resident (days) “ Outbreak probability (%) _
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Fig. 2. Impact of visiting policy and risk of transmission between visitors and residents on the spread of COVID-19
Heatmap plot for the impact of different numbers of visitors allowed in the testing of staff strategy upon

A: The cumulative number of infected residents 90 days after the simulation starts
B: The elapsed time until the first resident is infected
C: The probability of an outbreak occurrence within the first 90 days

The community infection prevalence among staff is one tenth of the prevalence among visitors. Other parameters take the base case values. The infection probability per contact

for other types of contacts is 0.02.

infection probability per contact significantly improved the outcomes
irrespective of size.

Impact of cohorting

When the infection probability per contact was set to a very low
value (< 0.02), dividing the care home into smaller units had little
effect on the cumulative number of infected residents after 90 days
(Fig. 4A). However, when the risk of transmission per contact was
increased, the effectiveness of cohorting was noticeable. The impact
of cohorting was most significant when the size of a unit was reduced
from 20 to 10 residents. Our model predictions remained robust
when we relaxed the assumption of no interactions across units
(Fig. S3-2 in Appendix S3). By contrast, splitting a care home into
smaller units did not show any impact upon the elapsed time until
the first resident acquired the infection or the probability of outbreak
occurrence (Fig. S3-3 and S3-4). Regardless of the cohort size, the
weekly staff testing strategy was more effective in controlling the
spread of COVID-19 than the reference intervention alone (Fig. 4B).

Validation results

Cross-Validation: The model-generated time series prevalence of
COVID-19 among residents matched closely to the observed data in a
care home in Lanarkshire (Figure S2-1 in Appendix S2). The risk of
outbreak occurrence in care homes which varied in population size
agreed with Scottish data and the analysis of care homes in Lothian
as we described in the results.

Sensitivity and Uncertainty Analyses: Outputs from the PRCC analy-
ses summarized in Table S2-2 in the Supplementary Materials. The
PRCC values determined the associations between each of the param-
eters and the modelling outcomes. The cumulative number of infec-
tions among residents were sensitive to the infection probability per
contact and the infection prevalence in the community. The probabil-
ity of an outbreak occurring within 90 days was not sensitive to any
parameter. Furthermore, the findings about the scenarios in which
the impact of relaxing visitation was statistically insignificant, small,
or significant were robust to modifying the population size and struc-
tures (unit size, residents-per-staff ratio) of the care home.

DISCUSSIONS

This study proposes an agent-based model to study halting or
restricting visitation and cohorting in care homes in response to
COVID-19, interventions included in the UK national guidance and
implemented in numerous care homes across the world. These inten-
sive interventions have led to growing concerns about their negative
impacts upon the well-being of residents and burdens to healthcare
systems. However, the effectiveness of these intervention strategies
has not been well investigated. Our modelling study helped address
this gap of understanding the effectiveness of visitation and cohort-
ing policies in controlling the ingress of COVID-19 into, and its spread
in, this setting.

When the community infection prevalence where staff live is
above approximately one-third of the prevalence where visitors
come from, reducing the number of visitors allowed had little impact
on the ingress of COVID-19 into, and its spread in, the care home. Res-
idents can still acquire the infection from staff members who interact
with several other individuals in the care home and are likely to
spread the virus, which affects the likelihood and size of an outbreak
more than the effect of the visiting policy. Current evidence from
care homes in England has highlighted that staff, particularly bank
and agency staff, have been an unwitting source of infection.?>%* If
indeed staff live near the care home and provided local transmission
is not very low compared to the rest of the population, the finding
suggests that care homes can relax their visitation policy to a level
for which they are able to ensure that all visitors strictly adhere to
infection control measures. An early warning system that estimates
the relative community prevalence of COVID-19 in a local area and
the whole region/country could help care homes decide when they
should halt visitation to protect their residents and staff.

Our findings suggest that shielding residents in care homes will
not be as effective as reported in a number of studies, which have
considered shielding vulnerable populations more broadly.' These
studies used age-stratified compartmental meta-population models
that assume homogeneous mixing within a compartment. Although
such models incorporated different transmission rates between com-
partments representing age-specific populations or shielders/non-
shielders, they did not account for contact patterns at an individual
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Fig. 3. Impact of care home population size on the elapsed time until the first resident becomes infected
The results are presented for the weekly staff testing scenario at across low-high values of infection probability (i.e. IP = 0.005, 0.02, and 0.05) in the reference and weekly staff
testing scenarios. The simulations in which no resident is infected are excluded. Base case values are used for other parameters. Columns denote the mean values of 1,000 simula-

tions and error bars denote 95% CI of the means.

level that we accounted for in our model. In particular, if staff and vis-
itors could introduce COVID-19 into a care home in equal probabili-
ties (i.e., equal prevalence in the communities where staff and
visitors live and the same probability of infection per contact), staff
are more likely to spread the virus than visitors. Staff come into con-
tact with several residents and other staff members. Therefore, they
can acquire the infection from an individual in the care home and
transmit it to another, further spreading the virus. By contrast, visi-
tors are less likely to mediate transmissions between residents as
they only interact with a very limited number of staff and residents
(e.g., a resident whom they come to visit and staff members looking
after this resident). Thus, shielding by stopping visiting is not very
effective in most circumstances as long as staff and their close con-
tacts outside the care home are not also shielded from the commu-
nity, which seems unlikely. We did not investigate the effect of
shielding care home residents from visitors on the spread of COVID-
19 in the community while other models examined the effects of
shielding interventions on the overall population. There may be a
risk that visitors can acquire COVID-19 from staff and residents in
care homes and spread it to others in the community. Furthermore,

while vulnerable groups in other models were shielded from the rest
of the population, our model only considered shielding residents
from visitors.

The modelling results on the risk of outbreak occurrence in care
homes with different population sizes aligned with the reported data
in Scottish care homes. US data also indicated significant associations
between the presence of an outbreak and care home size.!° As the
number of staff members and visitors are generally proportional to
the number of residents in a care home, the likelihood that COVID-19
is introduced into the facility by these individuals increases as its size
increases. Moreover, in care homes with different capacities but simi-
lar structures (i.e., same number of units, staff pooling systems, and
residents-to-staff ratio), an individual can come into contact with a
greater number of other different individuals, leading to a higher
probability of interacting with an infected individual and, therefore,
acquiring the infection.

Although cohorting of residents and staff did not affect either the
elapsed time until the first resident is infected or the risk of outbreak
occurrence, this intervention reduced the impact of an outbreak once
it occurs. This is because the number of staff members and visitors
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Fig. 4. Impact of cohort size and interventions in the smallest examined cohort on the spread of COVID-19

The care home with capacity of 80 residents are split into one, two, four, and eight units with 80, 40, 20, and 10 residents per unit Interactions of residents and staff across units
of the care home occur at zero and 20% of total contacts for the “no interaction across units” and “interaction across units” scenarios respectively. The reference intervention is
implemented across all plotted scenarios. Points represent the mean values of 1,000 simulations; error bars represent 95% CIs of the means.

who can introduce the virus into the facility was the same for all
cohorting scenarios. Cohorting reduced the probability of having an
outbreak in each unit but the overall probability for the entire facility
did not decline (i.e., when an outbreak occurs in at least one of its
cohorts). Nevertheless, cohorting disrupted the spread of COVID-19
and reduced the extent of an outbreak as infected individuals came
into contact with fewer other individuals, and mostly ones from
within their cohort.

Although care home size cannot be altered without losing places
for existing and potential residents, cohorting residents and staff into
smaller, discrete units could potentially alleviate the extent of an out-
break once it occurs. The cohorting intervention is more impactful in
circumstances when the risk of transmission per contact is high, such
as when PPE provision is inadequate, compliance to hand hygiene
and wearing PPE is low, and/or maintaining social distancing is diffi-
cult. Reshaping the structure of care homes, however, requires the
care home’s efforts to recruit and train additional staff as well as out-
side support to accommodate sufficient levels of staff within each
unit to maintain safe care. Staff illness and absence during COVID-19
outbreaks could further complicate the cohorting situation.

The study is subject to a number of limitations. We have not
incorporated changes in individuals’ behaviours as a result of imple-
menting the shielding and/or cohorting interventions into the model.
Therefore, we have not captured how such changes would affect the
outcomes. As the changes in behaviour in the presence of interven-
tions and the relationships between behavioural changes and risks of
transmission are difficult to predict,’ it is essential to continue to
closely monitor outbreaks in care homes. Furthermore, as our model
has assumed that visitors only come into contact with the resident
whom they visit and do not interact with other residents, the effect
of loosening visiting policy may be underestimated. However, relax-
ing this assumption will lead to the same impact as increasing the

number of visitors allowed. Also, interactions between visitors and
residents other than the one whom they visit are unlikely to happen
amidst the ongoing pandemic.

CONCLUSIONS

In conclusion, cohorting residents and staff into smaller, discrete
units could help reduce the spread of COVID-19 in a care home. This
intervention is especially effective when the risk of transmission per
contact is high due to factors such as low compliance to hand
hygiene, insufficient supplies of PPE, and difficulty in practicing social
distancing. By contrast, the model predictions suggest that shielding
residents in care homes will not be as effective as reported in a num-
ber of studies that have investigated shielding of vulnerable popula-
tion in wider communities. Therefore, in specific circumstances, care
homes could consider relaxing of visitation to the extent which they
can ensure that visitors strictly comply to their infection control
interventions to balance the risk of COVID-19 spread and residents’
non-COVID-19 well-being.

DECLARATIONS
Ethics Approval

This research has been approved by the Ethics Committee of the
Department of Management Science, Strathclyde University.

Acknowledgments

We would like to thank managers and staff in Highgate care home
and other care homes in Lanarkshire for helpful discussion.



1112

SUPPLEMENTARY MATERIALS

Supplementary material associated with this article can be found in

the online version at https://doi.org/10.1016/j.urolonc.2021.07.001.

References

10.

11.

12.

. van Bunnik BA, Morgan AL, Bessell P, et al. Segmentation and shielding of the most

vulnerable members of the population as elements of an exit strategy from COVID-19
lockdown. medRxiv. 2020.

. Van Zandvoort K, Jarvis C, Pearson C, et al. Response strategies for COVID-19 epi-

demics in African settings: a mathematical modelling study. BMC Med.

2020;18:324.

. McKeigue PM, Colhoun HM. Evaluation of" stratify and shield" as a policy option for

ending the COVID-19 lockdown in the UK. medRxiv. 2020.

. Neufeld Z, Khataee H, Czirok A. Targeted adaptive isolation strategy for Covid-19

pandemic. Infectious Disease Modelling. 2020.

. Weitz |, Beckett S, Coenen A, Demory D, Dominguez-Mirazo M, Dushoff J. Intervention

Serology and Interaction Substitution: Modeling the Role ofShield Immunity'in Reducing
COVID-19 Epidemic Spread. medRxiv. 2020.

. Stall NM, Johnstone ], McGeer AJ, Dhuper M, Dunning ], Sinha SK. Finding the right

balance: an evidence-informed guidance document to support the re-opening of
canadian nursing homes to family caregivers and visitors during the covid-19 pan-
demic. ] Am Med Dir Assoc. 2020;21:1371-1377.

. Rajan S, Mckee M. Learning from the impacts of COVID-19 on care homes: a pilot

survey. In: LTCcovid, International Long-Term Care Policy Network; 2020.

. Lee T, Jordan NN, Sanchez JL, Gaydos JC. Selected nonvaccine interventions to pre-

vent infectious acute respiratory disease. Am J Prev Med. 2005;28:305-316.

. Burton JK, Bayne G, Evans C, et al. Evolution and effects of COVID-19 outbreaks in

care homes: a population analysis in 189 care homes in one geographical region of
the UK. The Lancet Healthy Longevity. 2020;1:e21-e31.

Abrams HR, Loomer L, Gandhi A, Grabowski DC. Characteristics of U.S. nursing
homes with COVID-19 cases. ] Am Geriatr Soc. 2020;68:1653-1656.

Nguyen LKN, Howick S, McLafferty D, et al. Evaluating intervention strategies in con-
trolling COVID-19 spread in care home. Infect Control Hosp Epidemiol; 2020:1-11.
Deaths involving coronavirus (COVID-19) in Scotland. National Records of Scotland;
2020. Available at: https://www.nrscotland.gov.uk/statistics-and-data/statistics/statis-
tics-by-theme/vital-events/general-publications/weekly-and-monthly-data-on-births-
and-deaths/deaths-involving-coronavirus-covid-19-in-scotland. ~Accessed July 23,
2021.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

LK.N. Nguyen et al. / American Journal of Infection Control 49 (2021) 1105-1112

Health Scotland Public. Coronavirus (COVID-19) data. 2020. Available at: https://
publichealthscotland.scot/our-areas-of-work/sharing-our-data-and-intelligence/
coronavirus-covid-19-data/. Accessed July 23, 2021.

Government Scottish. Coronavirus (COVID-19): daily data for Scotland. 2020. Avail-
able at: https://www.gov.scot/publications/coronavirus-covid-19-daily-data-for-
scotland/. Accessed July 23, 2021.

Perez-Reche F, Strachan N. Importance of untested infectious individuals for the sup-
pression of COVID-19 epidemics. medRxiv. 2020.

van den Dool C, Bonten MJM, Hak E, Heijne JCM, Wallinga J. The effects of influenza
vaccination of health care workers in nursing homes: insights from a mathemati-
cal model. PLoS Med. 2008;5:e200.

Chamchod F, Ruan S. Modeling the Spread of Methicillin-Resistant Staphylococcus
aureus in Nursing Homes for Elderly. PLoS One. 2012;7:e29757.

Port CL, Hebel JR, Gruber-Baldini AL, et al. Measuring the frequency of contact
between nursing home residents and their family and friends. Nurs Res.
2003;52:52-56.

. Wang K, Lu Z, Wang X, et al. Current trends and future prediction of novel corona-

virus disease (COVID-19) epidemic in China: a dynamical modeling analysis. Math-
ematical Biosciences and Engineering. 2020;17:3052.

Tang B, Bragazzi NL, Li Q, Tang S, Xiao Y, Wu ]. An updated estimation of the risk of
transmission of the novel coronavirus (2019-nCov). Infectious disease modelling.
2020;5:248-255.

Ferguson N, Laydon D, Nedjati Gilani G, et al. Report 9: Impact of non-pharma-
ceutical interventions (NPIs) to reduce COVID19 mortality and healthcare
demand. 2020.

Scottish Government. National Clinical and Practice Guidance for Adult Care Homes
in Scotland during the COVID-19 Pandemic. Available at: https://www.gov.scot/bina
ries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavi
rus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clini
cal-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-
nursing-home-and-residential-care-residents/govscot’%3Adocument/National%2BClini
cal%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-
%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay?%2B2020.pdf. Accessed July
23, 2021.

Hodgson K, Grimm F, Vestesson E, Brine R, Deeny S. Briefing: Adult social care and
COVID-19. 2020.

Ladhani SN, Chow ]Y, Janarthanan R, et al. Increased risk of SARS-CoV-2 infection
in staff working across different care homes: enhanced CoVID-19 outbreak investi-
gations in London care Homes. | Infect. 2020;81:621-624.

Jarvis CI, Van Zandvoort K, Gimma A, et al. Quantifying the impact of physical dis-
tance measures on the transmission of COVID-19 in the UK. BMC medicine.
2020;18:1-10.


https://doi.org/10.1016/j.urolonc.2021.07.001
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0001
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0001
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0001
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0002
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0002
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0002
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0003
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0003
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0004
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0004
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0004
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0005
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0005
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0005
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0006
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0006
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0006
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0006
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0008
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0008
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0009
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0009
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0009
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0010
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0010
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0011
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0011
https://www.nrscotland.gov.uk/statistics-and-data/statistics/statistics-by-theme/vital-events/general-publications/weekly-and-monthly-data-on-births-and-deaths/deaths-involving-coronavirus-covid-19-in-scotland
https://www.nrscotland.gov.uk/statistics-and-data/statistics/statistics-by-theme/vital-events/general-publications/weekly-and-monthly-data-on-births-and-deaths/deaths-involving-coronavirus-covid-19-in-scotland
https://www.nrscotland.gov.uk/statistics-and-data/statistics/statistics-by-theme/vital-events/general-publications/weekly-and-monthly-data-on-births-and-deaths/deaths-involving-coronavirus-covid-19-in-scotland
https://publichealthscotland.scot/our-areas-of-work/sharing-our-data-and-intelligence/coronavirus-covid-19-data/
https://publichealthscotland.scot/our-areas-of-work/sharing-our-data-and-intelligence/coronavirus-covid-19-data/
https://publichealthscotland.scot/our-areas-of-work/sharing-our-data-and-intelligence/coronavirus-covid-19-data/
https://www.gov.scot/publications/coronavirus-covid-19-daily-data-for-scotland/
https://www.gov.scot/publications/coronavirus-covid-19-daily-data-for-scotland/
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0015
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0015
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0016
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0016
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0016
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0017
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0017
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0018
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0018
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0018
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0019
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0019
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0019
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0020
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0020
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0020
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0021
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0021
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0021
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2020/03/coronavirus-covid-19-clinical-and-practice-guidance-for-adult-care-homes/documents/clinical-guidance-for-nursing-home-and-residential-care-residents/clinical-guidance-for-nursing-home-and-residential-care-residents/govscot%3Adocument/National%2BClinical%2BGuidance%2Bfor%2BCare%2BHomes%2BCOVID-19%2BPandemic-%2BMASTER%2BCOPY%2B-%2BFINAL%2B-%2B15%2BMay%2B2020.pdf
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0023
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0023
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0024
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0024
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0024
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0025
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0025
http://refhub.elsevier.com/S0196-6553(21)00462-4/sbref0025

